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1. IYTRODVCTION 

I n  t h 2  p r e l i n i n a r y  desigr.  phase,  r a p i d  and economic e s t i m a t i o n s  

of aerodynamic s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  are f r e q u e n t l y  

needed. The proglran desc r ibed  i n  t h i s  mansal p rov ides  a sys t ema t i c  

summary of methods f o r  e s t i n a t i n g  s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  

i n  p re l imina ry  d e s i g n  a p p l i c a t i o n s ,  s p e c i f i c a l l y  t a i l o r e d  t o  g e n e r a l  

a v i a t i o n  a i r p l a n e s .  The ve r s ion  of t h e  progran desc r ibed  h e r e  is t h e  

December 1981 v e r s i o n  as implemented on t h e  Yansas V n i v e r s i t y  Honeywell 

66-6Q computer. It i s  w r i t t e n  i n  F o r t r a n  IV. 

The program bas been developed on a modular b a s i s  because i t  

s i m p l i f i e s  program modi f i ca t ion  o r  expansion. The main modules are  

i n d i c a t e d  i n  F igu re  1.1. 

P o t e n t i a l  u s e r s  are r e f e r r e d  t o  S e c t i o n  2 f o r  a n  overview of 

program c a p a b i l i t i e s .  P a r t i c u l a r  a t t e n t i o n  should b e  given t o  t h e  

d e s c r i p t i o n  of t h e  o p e r a t i o n a l  l i m i t a t i o n s  of t h e  program. 

Sec t ion  3 should be consul ted n e x t  f o r  i n fo rma t ion  on t h e  r e q u i r e d  

inpu t  d a t a .  T h i s  s e c t i o n  provides  a d e t a i l e d  d e s c r i p t i o n  of t h e  

procedures  t o  inpu t  d a t a  i n t o  t h e  program. It a l s o  d e f i n e s  t h e  i n p u t  

parameters ,  bo th  i n  words and i n  f i g u r e s .  The u s e r  i s ' u r g e d  t o  c o n s u l t  

t h e  f i g u r e s  t o  avoid any ambiguity i n  the d e f i n i t i o n s .  The u s e r  should 

a l s o  r e f e r  t o  Sec t ion  5 where t h e  geometric model l ing t echn iques  are 

d e s c r i b e d .  

1978) documentat ion.  

Sec t ion  3 r e p r e s e n t s  a major change t o  t h e  p rev ious  (October 

S e c t i o n  4 prov ides  t h e  d e t a i l s  of the program o u t p u t  and d e f i n i -  

t i o n s  of t h e  ou tpu t  parameters .  

Sec t ion  5 f u r n i s h e s  t h e  use r  w i t h  t h e  p rope r  t echn iques  t o  model a 

p a r t i c u l a r  d e s i g n  so t h a t  t h e  inpu t  is compatible  w i t h  t h e  computer program. 



SfA IN PROGFtXi 

Per forms t h e  e x e c u t i v e  
f u n c t i o n  of  o r g a n i z i n g  
and d i r e c t i n g  The  ope r -  
a t i o n s  performed b y  
o t h e r  program components.  

\ 

UTILITY SUSROUT IXTS 

Perform s t a n d a r d  matheaa t ica l  
o r  aerodynamic computa t ions  
f r e q u e n t l y  r e q u i r e d  cy  c e t h o d  
s u b r o u t i n e s .  
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Figure  1.1 >!odniar Progrzrn Suild-u? 

It should be  noted t h a t  t h i s  manual i s  intended f o r  t h e  u s e r  who 

wishes t o  u t i l i z e  t h i s  program t o  ana lyze  a g iven  a i r c r a f t  c o n f i g u r a t i o n  

from a s t a b i l i t y  s t andpo in t .  Therefore ,  i t  c o n c e n t r a t e s  on t h e  i n p u t  

and o u t p u t  f u n c t i o n s  of t h e  program. The reader who i s  i n r e r e s t e d  i n  

t h e  methods used i n  t h e  modules and t h e i r  imple?.entation i n  t h e  prograrn 

i s  r e f e r r e d  t o  Reference 2 .  This  r e f e r e n c e  p rov ides  a f u l l  d e s c r i p t i o n  

of t h e  computat ional  methods used i n  this  program. 



SECTIOX 2 

P R O G W I  CA?ABILITIES 

0 

This s e c t i o n  has  Seen prepared t o  a i d  t h e  u s e r  i n  determining 

t h e  a p p l i c a b i l i t y  of t h e  program desc r ibed  i n  t h i s  manual t o  h i s  

p a r t i c u l a r  requirements .  For s p e c i f i c  q u e s t i o n s  r ega rd ing  method 

a p p l i c a b i l i t y  and l i m i t a t i o n s ,  t h e  u s e r  i s  r e f e r r e d  t o  Reference 2.  

2.1. Addressable Configurat ions 

General ly  t h e  program w i l l  acce?t  i n p u t s  f o r  t h e  t r a d i t i o n a l  

body-wing-tail c o n f i g u r a t i o n s .  Th i s  i n c l u d e s  c o n t r o l  e f f e c t i v e n e s s  

f o r  t r a d i t i o n a l  c o n t r o l  devices  l i k e  e l e v a t o r ,  rudder and a i l e r o n .  

It should be noted t h a t  t h e  program i s  s p e c i f i c a l l y  t a i l o r e d  t o  subsonic  

g e n e r a l  a v i a t i o n  a i r c r a f t .  The u s e r  i s  r e f e r r e d  t o  Sec t ion  5 ,  which 

d i s c u s s e s  methods t o  model h i s  s p e c i f i c  c o n f i g u r a t i o n  t o  conform 

w i t h  t h e  d a t a  i n p u t  f o r  t h i s  program. Table 2 . 1  summarizes t h e  con- 

figurations and parameters t h a t  a r e  accomoda ted  D v  t h e  program. 

2.2. Configurat ion Data 

2.2.1. S t a t i c  S t a b i l i t y  Derivatives 

The l o n g i t u d i n a l  and l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  d e r i v a t i v e s  

are computed i n  n o n d h e n s i o n a l  d e r i v a t i v e  form, in t h e  s t a b i l i t y -  

axis system. The d rag  c o e f f i c i e n t  may e i t h e r  be i a p u t  o r  b e  

computed i n t e r n a l l y .  The p r o g r m  o u t p u t s  t h e  d e r i v a t i v e s  as a f u n c t i o n  

of component build-up ( s e e  Table 2 . 2 ) .  

2. I 



TABLE 2.1 :  ADDRESSABLE CONFIGURATIONS 

CONFIGURATION REMARKS 

BODY Data p e r t a i n i n g  t o  t h e  a c t u a l  a i r c r a f t  
f u s e l a g e  can be  i n p u t .  For some d a t a  
an equ iva len t  body of r e v o l u t i o n  has  
t o  be  modelled.  

W I N G ,  HORIZONTAL S t r a i g h t  t ape red  planforms are  t r e a t e d .  
TAIL The e f f e c t s  of sweep, t a p e r ,  i nc idence  

and l i n e a r  t w i s t  a re  inc luded .  The 
l a t e r a l - d i r e c t i o n a l  d a t a  i n c l u d e  t h e  
e f f e c t  of d i h e d r a l .  

BODY-WIXG, The i n f l u e n c e  o f  t h e  body on t h e  wing 
BODY-HORIZONTAL and h o r i z o n t a l  t a i l  and v ice  versa are 

inc luded .  Wing p o s i t i o n s  from low- t o  
high-wing are  p o s s i b l e .  The h o r i z o n t a l  
t a i l  p o s i t i o n  can vary  from low mounted 
t a i l ,  on t h e  f u s e l a g e ,  t o  T - t a i l .  

WING-BODY-TAIL The e f f e c t  of downwash on t h e  h o r i z o n t a l  
t a i l  i s  inc luded .  Only a s i n g l e  v e r t i c a l  
t a i l  can h e  conf igured .  

POWER The e f f e c t  o f  t h e  p r o p e l l e r  flow- 
d i s t u r b a n c e  i s  inc luded  i n  t h e  progran  for 
s i n g l e -  as w e l l  as mult i -engine a i r c r a f t .  
E f f e c t s  i n c l u d e  d i r e c t  as w e l l  as i n d i r e c t  
e f f e c t s  on t h e  f l o w f i e l d  around t h e  wing 
and h o r i z o n t a l  t a i l .  
The e f f e c t  of  j e t  engines  ( s i n g l e -  o r  
mul t i -engine) ,  d i r e c t  as well a s  i n d i r e c t ,  
are accounted f o r .  
Only s i n g l e  and twin engine  c o n f i g u r a t i o n s  
are  ad2ressed .  

L 

2 . 2 . 2  Pynanic S t a b i l i t v  D e r i v a t i v e s  

The l o n g i t u d i c a l  and 13t e r a 1  d i r e c t  ion21 s t a b i l i t y  c h a r a c t e r  i s  t i c  s 

are  corr.puted i n  t h e  nondinensional  d e r i v a t i v e  f o r n ,  i n  t h e  s t a b i l i t y  

a x i s  system. The progran: o u t p u t s  t h e  d e r i v a t i v e s  a s  a funczlon of  

conponent build-up (see TaSle 2 . 3 )  . 
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2 . 2 . 3 .  High-Lift Devices and Control Charactsristics 

”- L:?e ?rograa does n o t  corqute the effect of high-lift devices 

as Lift,Drag or Mcment coefficient. Incremental values as a function 

of f l a p  deflection have to be input. The effect of flap deflection 

on the stability derivatives is computed as indicated in Tables 2.3 

and 2 . 4 .  

in Table 2.5. 

The output of the program for these derivatives is indicated 

TABLE 2.5 

OUTPUT FOR COXTROL CWCTERISTICS 

COIJTROL 

Aileron 

Rudder 

Elevator 

A l l  ?loving 
Tail Plane 

DERIVATIVE 
OUTPUT 

Hinge 
Moments 

2 . 5  

‘L ’ ‘11 ’ ‘D 
6E bE &E 

‘H (1 ’ ‘HS’ ‘E 

NOTES 

?lay be positioned anywhere 
on the trailing edge of the 
wing. 

May be positioned anywhere 
on the trailing edge of the 
vertical tail. 
The effect of ”Effective 
Aspect Ratio” of the vertical 
tail is taken into account. 

May be positioned anywhere 
on the trailing edge of the 
horizontal tail. 

For a conventional flap type 
control. Includes effect of 
gap, aerodynamic balance, horn 
balance, bevel angle. 



Control dev ices  t h a t  are accommodated by t h e  program are t h e  con- 

v e n t i o n a l  t r a i l i n g  edge f l a p - t y p e  c o n t r o l s  as used f o r  e l e v a t o r ,  rudde r ,  
.- . *  

and a i l e r o n s .  These dev ices  can be p o s i t i o n e d  anywhere on t h e  h o r i -  

z o n t a l  o r  v e r t i c a l  t a i l  o r  t h e  wing. R o l l  c o n t r o l  i s  assumed t o  be 

exe rc i sed  by a i l e r o n s  p o s i t i o n e d  on t h e  wing. P i t c h  c o n t r o l  can 

b e  e i t h e r  w i t h  an e l e v a t o r  o r  w i t h  an a l l  moving t a i l  p l ane .  Yaw 

c o n t r o l  is wi th  a convent ional  rudder  on t h e  ver t ica l  t a i l .  

Hinge-moment c h a r a c t e r i s t i c s  are computed f o r  a t r a i l i n g  edge 

hinged f lap- type c o n t r o l .  The e f f e c t s  of gap, aerodynamic ba lance  b 

(.including horn-balance) and b e v e l  a n g l e  are  included.  The u s e r  

has  t h e  op t ion  of i n p u t t i n g  experimental  d a t a  f o r  t he  h inge  moments 

t o  i n c r e a s e  t h e  accuracy of t h e  s t i c k - f r e e  s t a b i l i t y  d a t a .  

2 . 2 .  $. Longitudinal  T r i m  

T r i m  d a t a  w i l l  be  c a l c u l a t e d .  The program w i l l  manipulate  t h e  

computed s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  t o  ach ieve  ? i t c h i n g  

moment equ i l ib r ium ( i .  e. 

two modes. One mode t rea ts  c o n f i g u r a t i o n s  wi th  an e l e v a t o r  a s  t h e  

= 0 ) .  The t r i m  d a t a  can be computed f o r  
5 1  

t r i m  device.  E leva to r  d e f l e c t i o n s  as required.  f o r  moment e q u i l i b r i u m  

w i l l  be  computed t o g e t h e r  with t o t a l  a i r p l a n e  l i f t ,  a n g l e  o f  a t t a c k  

and h o r i z o n t a l  t a i l - l i f t .  The o t h e r  mode t rea ts  t h e  c o n f i g u r a t i o n  

w i t h  an a l l  f l y i n g  t a i l  as t h e  t r im-device.  I n  c h i s  c a s e  a n g l e  of  i n c i -  

dence of t h e  h o r i z o n t a l  t a i l ,  r equ i r ed  f o r  ? i t c h i n g  moment e q u i l i b r i u m ,  

i s  computed and ou tpu t  a long w i t h  t o t a l  a i r p l a n e  l i f t - c o e f f i c i e n t ,  

a n g l e  of a t t a c k ,  and h o r i z o n t a l  t a i l  l i f c - c c e f f i c i e o t .  

3 .6  



2 . 2 . 5 .  Ground E f f e c t  

* -  

The e f f e c t  of ground proximity on t h e  l i f t  of t h e  a i r p l a n e  i s  

computed as a f u n c t i o n  of he igh t  above t h e  ground. This e f f e c t  i s  

on ly  taken i n t o  account i n  the  computations f o r  t h e  r o t a t i o n  speed 

( s e e  Sec t ion  2 . 2 . 9 ) .  

2 . 2 . 6 .  Power E f f e c t s  

2.2.6.1. P r o p e l l e r  E f f e c t s  

The e f f e c t s  of a thrust-producing p r o p e l l e r  p o s i t i o n e d  forward 

of t h e  wing are taken i n t o  account f o r  s i n g l e -  as w e l l  as mul t i -  

engine designs.  The e f f e c t s  included are t h e  fol lowing:  

Direct e f f e c t s  of t h r u s t  on f o r c e s  a c t i n g  on t h e  

a i r c r a f t ,  i .e .  

0 

and dCN 
Prop P roP 

0 E f f e c t  of p r o p e l l e r  s l i p s t r e a m  over  t h e  wing: i n c r e a s e  

i n  dynamic p res su re  ove r  t h e  wing and change i n  wing 

a n g l e  of a t t a c k .  

dCT 

0 Change i n  dynamic p r e s s u r e  a t  t h e  h o r i z o n t a l  t a i l .  

Change i n  downwash a t  t h e  h o r i z o n t a l  t a i l .  

Tables  2 . 3  and 2.4 i n d i c a t e  t h e  v a r i a b l e s  f o r  which t h e  e f f e c t s  of 

p r o p e l l e r  t h r u s t  are computed. 

2 . 2 . 6 . 2 .  Jet  E f f e c t s  

The e f f e c t s  of a t h r u s t  producing j e t - eng ine  p o s i t i o n e d  anywhere 

on t h e  f u s e l a g e  or on t h e  wing, f o r  s i n g l e  as w e l l  as twin-engine 

des igns  are t aken  i n t o  account. The e f f e c t s  included are t h e  fo l lowing :  

3.7 
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Direct e f f e c t  of  t h r u s t  on t h e  f o r c e s  a c t i n g  on t h e  

a i r c r a f t ,  i . e . :  dC and dCN . 
Tjet  j e t  . '  

I n d i r e c t  e f f e c t s  of  j e t  t h r u s t  a s  i n d i c a t e d  by Tables  

2 . 3  and 2 . 4 .  

2 . 2 . 7 .  I n e r t i a  Data 

The u s e r  h a s  t h e  o p t i o n  of e i t h e r  i n p u t t i n g  t h e  i n e r t i a  c h a r a c t e r -  

i s t i c s  of  t h e  des ign  under c o n s i d e r a t i o n  o r  having  t h e  i n e r t i a  charac-  

. terist ics computed i n t e r n a l l y .  I n  t h e  l a t t e r  case,  d a t a  have t o  be  

i n p u t  f o r  center o f  g r a v i t y  l o c a t i o n ,  component weight  and l o c a t i o n .  

The program w i l l  compute t h e  i n e r t i a  c h a r a c t e r i s t i c s  f o r  t h e  case 

under  c o n s i d e r a t i o n ,  i . e .  f o r  a g iven  weight  and load ing  ( f u e l  and 

passenge r s ) .  The i n e r t i a s  a r e  c o n v u t d  i n  t h e  Body Axis Systen?. 

2 . 2 . 9 .  Data SIC- 

The program has  t h e  op t ion  of computing t h e  speed f o r  minimum 

. The Computation method as u s e d  by  vMC 
c o n t r o l  wi th  one engine  o u t ,  

t h e  program u t i l i z e s  s t a b i l i t y  and c o n t r o l  d e r i v a t i v e s  as computed 

by t h e  program i n  a t h r e e  degree  of freedom a n a l y s i s .  

c ludes  t h e  speed f o r  minimuin c o n t r o l  V rudder  a n g l e  (which is  t h e  

maximum p o s s i b l e  a n g l e  as i n p u t  by t h e  u s e r ) ,  a i l e r o n  d e f l e c t i o n  

a n g l e ,  bank ang le  (which i s  e i t h e r  i n?u t  by t h e  u s e r  o r  se t  a t  5" 

bank i n t o  t h e  o p e r a t i n g  engine)  and s i d e - s l i p  ang le .  The program 

assumes s t eady- s t a t e  h o r i z o n t a l  f l i g p t .  

Output in-  

>IC , 

.. 
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2 . 2 . 9 .  Rota t ion  STeed 

The program has  t h e  op t ion ,  a t  the, u s e r ' s  d i s c r e t i o n ,  of computing 

r o t a t i o n  speed. The r o t a t i o n  speed i s  de f ined  a s  t h e  speed a t  

which t h e  a i r c r a f t  should r o t a t e  such t h a t  a f t e r  l i f t - o f f  t h e  a i r c r a f t  

w i l l  r cad  35 f e e t  a t  a speed equ iva len t  t o  120% of  t h e  s t a l l  speed i n  

t h e  t akeof f  conf igu ra t ion .  For t h i s  o p t i o n  t h e  u s e r  must i n p u t  t h e  

r o t a t i o n  r a t e  of  the a i r c r a f t  d u r i n g  t h e  l i f t - o f f  phase.  Outputs  are 

t h e  fo l lowing  q u a n t i t i e s :  

e Rota t ion  speed 

e Li f t -o f f  speed 

e Rota t ion  distance,  de f ined  as t h e  d i s t a n c e  t r a v e l e d  

from t h e  moment t h e  nose  wheel leaves t h e  ground till 

t h e  a i r c r a f t  l i f t s  o f f  (na in  wheels  l e a v e  t h e  ground) .  

A i r -d i s t ance ,  def ined  as t h e  d i s t a n c e  t r a v e l e d  from 

t h e  start  of cons tan t  climb-angle till a he igh t  of  

35 f e e t  i s  reached. 

2.2.10. S t a b i l i t y  C h a r a c t e r i s t i c s  

Depending on t h e  Cont ro l  Number v a l u e s  as i n p u t  by t h e  u s e r ,  t h e  

program w i l l  ou tpu t  t h e  fol lowing S t a b i l i t y  Characteristics. 

2.2.10.1 D y n a m i c  S t a b i l i t y  

A. Computes dimensional d e r i v a t i v e s  

B .  Computes c o e f f i c i e n t s  o f  the c h a r a c t e r i s t i c  e q u a t i o n s  

C. Computes the roo t s  of  t h e  c h a r a c t e r i s t i c  e q u a t i o n s  



D. P r i n t s  the c h a r a c t e r i s t i c  e q u a t i o n s  i n  f a c t o r e d  form 

and s ta tes  t h e  r o o t  c o n f i g u r a t i o n s  

E. Long i tud ina l  case computes: 

1. (un ) Shor t  p e r i o d  undamped n a t u r a l  f requency 

2. (w ) Phugoid undamped n a t u r a l  f requency 

3 .  

4 .  (sP)  Phugoid damping r a t i o  

5 .  

SP 

nP 
(ssp) Shor t  pe r iod  damping r a t i o  

(T 1 / 2  P o r  T2p) T i m e  t o  h a l f  o r  double  t h e  ampl i tude  

o f  t h e  phugoid mode 

6 .  Shor t  pe r iod  c h a r a c t e r i s t i c s  

a.  (n /a )  Load f a c t o r  1 a n g l e  of a t t a c k  

/ n /a )  Shor t  pe r iod  undamped n a t u r a l  f r e -  

quency squared 1 load  f a c t o r  / ang le  o f  a t t a c k  

2 
b.  (un 

F. L a t e r a l  d i r e c t i o n a l  c a s e  computes: 

1. (un ) Dutch r o l l  undamped n a t u r a l  f requency 
D 

2 .  (< ) Dutch r o l l  damping r a t i o  D 

3 .  ( T  ) S p i r a l  t i m e  cons t an t  

4 .  (T  ) Roli t i m e  cons t an t  

5. 

S 

R 

(T2 ) T i m e  t o  double  t h e  ampl i tude  i n  t h e  s p i r a l  
S 

mode 

6 .  (iDun ) Dutch r o l l  damping r a t i o  X Dutch r o l l  un- 
D 

damped n a t u r a l  f requency 

7 .  

8. (un ( $ / 3 [ D )  Dutch r o l l  u n d a q e d  n a t u r a l  frequent!? 

( 1  4 / 6  ID) O s c i l l a t o r y  bank a n g l e  t o  s i d e s l i p  r a t i o  

2 

D 

S o s c i l l a t o r y  bank ang le  t o  s i d e s l i p  r a t i o  

2 .  i o  

-. . . 

. .  



G. The sensitivity analysis varies any selected input 

variable of array “DERV” (See Table 4.1) and computes . 

for each incremental value: 

i. Real and imaginary parts of roots of the character- 

istic equations 

2 .  Damping ratios and undamped natural frequencies 

3. Inverted time constants 

2.2.10.2 Transfer Functions 

A.  Computes dimensional derivatives 

B. For longitudinal case computes: 

1. Coefficients of tne characteristic equation 

2 .  Numerator coefficients of U(S)/6,(S) ,  a ( S ) / d E ( S ) ,  

and t ? (S ) / s , (S )  transfer functions 

3 .  General standard format parameters: 

a. Gain 

b. Numerator time constants, damping ratios, and 

undamped natural frequencies 

C. For lateral directional case computes: 

1. Coefficients of the characteristic equation 

2. Numerator coefficients of: 

a. B(S)/OA(S) , +(S)/&,(S), and *(S)/S,(S) transfer 

functions 

B ( S ) / S , ( S )  , $(S)/6,(S), and I J J ( S ) / ~ ~ ( S )  transfer 

functions 

b. 

3 .  General standard format parameters for both aileron 

and rudder forcing functions 



a. Gain 

b. Numerator time constants, damping ratios, and 

undamped natural frequencies 

c. Denominator damping ratio, undamped natural 

frequency, and time constants 

2 . 2 . 1 0 . 3  Frequency Response 

A.  Computes dimensional derivatives 

B. For longitudinal case computes: 

1. For U ( S ) / 6 E ( S ) ,  a(S)/s,(S), and e S / S  E ( S )  transfer 

functions 

a. Magnitude (decibels) as a functio2 of frequency 

b. Phase angle (degrees) as a function of frequency 

C. For lateral directional case computes: 

1. For 8 ( S ) / 6 A ( S ) ,  +(S)/€,(S), and $ ( S ) ; 6 * ( S )  transfer 

functions 

a. Magnitude (decibels) as a function of frequency 

b. Phase angle (degrees) as a function of frequency 

For B(S)/&,(S), j(S)/O”,(S), and $ ( S ) / 6 R ( S )  transfer 

functions 

a. Magnitude (decibels) as a function of frequency 

b. Phase angle (degrees) as a function of frequency 

2. 

2 . 3  Known Program Limitations 

This program was developed to aid in the preliminary analysis of 

stability and control characteriscics of general aviation aircraft. 

Additional experience has shown that for certaix configurations, liai- 

. 
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t a t i o n s  e x i s t  w i t h i n  t h e  program. I n  gene ra l  t h e  program w a s  developed 

t o  handle  only tonven t iona l  designs.  

o r  swept-forward wings. I n  a d d i t i o n ,  the  fo l lowing  i n p u t  g u i d e l i n e s  

should be observed: 

It i s  n o t  set up t o  hand le  cana rds  

1) Aspect r a z i o s  of wing and t a i l  s u r f a c e s  should n o t  b e  g r e a t e r  

t han  10.0. 

2)  Quarter  chord sweep ang le s  f o r  t h e  wing and t a i l  s u r f a c e s  

must be p o s i t i v e .  

3)  The r a t i o  between the f u s e l a g e  l e n g t h  ahead of t h e  wing and 

t h e  r o o t  chord should b e  checked by t h e  equa t ion  

R = LNO/lO(CROOT), where -15 R . 9 5 .  The v a r i a b l e s  

LNO and CROOT are def ined i n  Table 3 . 2 .  



L-. 

3.1 Input  Method 

The input  deck c o n s i s t s  of one p la in- language  i d e n t i f i c a t i o n  l i n e  

fol lowed by three For t r an  namel i s t s .  

i d e n t i f i e d  i n  T a b l e s  3.1 and 3 . 2 .  

a s  w e l l  as s t u d y  Table 3 . 1  t o  determine t h e  t y p e ( s 1  of a n a l y s i s  t o  s p e c i f y  

v i a  t h e  c o n t r o l  parameters  of namelis t  INCTL. Once t h i s  has been de te r -  

mined, t h e  r e q u i r e d  v a r i a b l e s  may be s p e c i f i e d  by r e f e r r i n g  t o  Table 3 .2 ,  

F i g u r e s  3 .1  th rough 3.26 ,  and Sect ion 5 of t h i s  manual. Table 3 . 2  

i d e n t i f i e s  a l l  v a r i a b l e s  a l p h a b e t i c a l l y  and no te s  whether t h e y  be long  

t o  namel i s t  INATOI ( f o r  v a r i a b l e  names beginning  wi th  letters A t h rough  

I ) ,  o r  t o  namel i s t  INKTOZ ( f o r  v a r i a b l e  names beginning  wi th  letters K 

through 2 ) .  A f t e r  p e r u s i n g  Table 3 . 2 ,  it snou ld  be ev iden t  that only 

c e r t a i n  v a r i a b l e s  a r e  r e q u i r e d  f o r  d i f f e r e n t  u s e r - s p e c i f i e d  op t ions .  

When m u l t i p l e  cases  a r e  t o  be run, Tables  3 . 3 ,  3 . 4 ,  and 3 .5  should  be 

checked t o  i n s u r e  t h a t  appropr ia te  v a r i a b l e s  f o r  t h e  new opt ions  e l e c t e d  

f o r  each  case  are inc luded  i n  t h e  new inpu t  f i l e .  

A l l  v a r i a b l e s  ir, t h e  program a r e  

Users shou ld  refer back t o  Sec t ion  2 

3 . 2  N a m e l i s t  I npu t  

F o r t r a n  namel i s t  methods a r e  used e x c l u s i v e l y  i n  t h i s  c o n p w e r  

program. T a b l e  3.6 summarizes some of t h e  more fundamental r u l e s  per- 

t a i n i n g  t o  t h e i r  use. T a b l e  3 . 7  fo l lows  w i t h  an example deck set up f o r  

m u l t i p l e  case ( 4  cases) i n v e s t i g a t i o n .  As i l l u s t r a t e d ,  each  case begins  

w i t h  a plain-language i d e n t i f i c a t i o n  l i n e  fo l lowed by t h e  'appearance of 

n a m e l i s t s  INCTL, INATOI, and INKTOZ, each of which c o n t a i n s  a t  least 

one v a r i a b l e .  (See Note 2 of Table 3 . 7 . )  Each data set is t e r m i n a t e d  

3.1 
- .. . . -. . - . . . . . . 



.. ... 

when t h e  $END of namel i s t  INKTOZ is d e t e c t e d .  Note t h a t  wh i l e  t h e  f i r s t  

case of Table 3 . 7  r e f l e c t s  a l a r g e  number of i n p u t  v a r i a b l e s ,  t h e  second, 

t h i r d ,  and f o u r t h  cases are r a t h e r  b r i e f .  F i g u r e  3.1 is inc luded  t o  show 

how t h e  i d e n t i f i c a t i o n  line may be fo rma t t ed  t o  gene ra t e  a d e s i r e d  echo.  

3 . 3  I n p u t  Er rors  

One major d isadvantage  of u s i n g  n a m e l i s t s  is that t h e  v a r i a b l e  

names must be s p e l l e d  c o r r e c t l y .  

r e s u l t  i n  program t e r m i n a t i o n  wi thout  an i n d i c a t i o n  of e x a c t l y  which 

v a r i a b l e  is misspe l led .  Hence, g r e a t  c a r e  shou ld  be t a k e n  when c r e a t i n g  

t h e  i n p u t  f i l e .  Common m i s s p e l l i n g s  involve  confus ion  between z e r o  and 

t h e  l e t te r  0 a s  w e l l  as between one and t h e  l e t t e r  I. I n  t h i s  manual, 

z e r o s  in v a r i a b l e  names a r e  i n d i c a t e d  as 9 .  Another s o u r c e  of program 

t e r m i n a t i o n  involves  t h e  erroneous use  of a seini-colon i n s t e a d  of a 

comma t o  s e p a r a t e  v a r i a b l e s .  

Here, m i s s p e l l e d  v a r i a b l e s  w i l l  u s u a l l y  

7 7  
2 .- 

.. 



Variab le :  S e t  a t :  

Table 3.1: CO??TROL 'vARL9ELES 

( N a m e l i s t  INCTL) 

L1 

L2 

L3 

L4 

L5 

L6 

L l O  

Sunct ion  : 

0 Conputes s t a b i l i t y  d e r i v a t i v e s  ( p a r t  I of program) 
and s t a b i l i t y  c h a r a c t e r i s t i c s  ( p a r t  111 of 
program). Requires KIXERT = 0 o r  1. 

1 Computes only s t a b i l i t y  e e r i v a t i v e s  (part I of 
program). 

0 N o  s e n s i t i v i t y  a n a l y s i s .  

1 P a r t  I11 of t h e  program performs s e n s i t i v i t y  
ana lyses  on non-dimensional a i r c r a f t  parameters a s  
given i n  T a b l e  4.1 (e lements  1-29, 46-60). The 
ana lyses  a r e  c o n t r o l l e d  by i n p u t  v a r i a b l e s  L3SA, 
NANLYS, and NSENSI.  Analysis  is conducted from a 
minimum of .5 t o  a maximum of 1.5 t h e  b a s i c  
d e r i v a t i v e  va lue  and is incremented by (.OS)* 
( b a s i c  d e r i v a t i v e  v a l u e ) .  R e q u i r e s  Ll = L5 = L6 = 0, 
L4 = 1, and KINERT = 0 o r  1. 

1 

0 

1 

0 

1 

0 

1 

Longitudinal  a n a l y s i s  only.  

L a t e r a l - d i r e c t i o n a l  a n a l y s i s  only.  

Longi tudinal  and l a t e r a l - d i r e c t i o n a l  ana lyses .  

~ o e s  not  output dynamic s t a b i l i t y  c h a r a c t e r i s t i c s .  
L2 = 0 is i n f e r r e d .  

Outputs dynamic s t a b i l i t y  c h a r a c t e r i s t i c s .  
is requi red .  

Ll = 0 

Does no t  output t r a n s f e r  f u n c t i o n  r e s u l t s .  

Outputs t r a n s f e r  f u n c t i o n  r e s u l t s .  Requires  
L l = L 2 = 0 .  

D o e s  no t  output  f requency  response  r e s u l t s .  

Outputs frequency response  r e s u l t s .  Requi res  
U = L 2 = 0 .  

Program only  reads and echos i n p u t  parameters  
c e r t a i n  basic geometric parameters a r e  compcted. 

A l l o w s  execut ion of t h e  program. 

a f t e r  



. . _  

T a b l e  3.1 ( con t inued)  

Var iab le :  S e t  a t :  

L12 0 

L13 

L14 

KC ONT 

K F  ISEI 

1 

10 

12 

0 

1 

KINERT 0 

1 

KS URF 

1 

Funct ion  : 

Does no t  compute minimum c o n t r o l  speed ( p a r t  I1 
of t h e  program). 

Computes minimum c o n t r o l  speed .  
must be takeoff  where t h e  v a r i a b l e  TAS shou ld  be 
inpu t  close t o  t h e  a n t i c i p a t e d  VMC. 

F l i g h t  c o n d i t i o n  

Requi res  L3 = 3 .  

Does no t  compute r o t a t i o n  speed  ( p a x t  I1 of t h e  
program). 

Computes r o t a t i o n  speed .  
t a k e o f f .  

F l i g h t  c o n d i t i o n  must be  

Computes only  t h e  i n e r t i a  c h a r a c t e r i s t i c s  of t h e  
v e h i c l e ,  
program to execute  normally.  

Any o t h e r  va lue  of L14 w i l l  a l l ow t h e  

Hor izonta l  s t a b i l i z e r  is f i x e d  and t h e  a i r c r a f t  
is flown and trimmed w i t h  e l e v a t o r .  

An all-moveable h o r i z o n t a l  t a i l  is i n d i c a t e d  where 
t h e  a i r c r a f t  is flown and trimmed wi th  a s t a b i l a t o r .  

Computes s t a b i l i t y  c h a r a c t e r i s t i c s  f o r  p i t c h  
c o n t r o l s  f i x e d .  

Computes s t a b i l i t y  c h a r a c t e r i s t i c s  f o r  p i t c h  
c o n t r o l s  f r e e  . 
A i r c r a f t  i r i e r t i a  c h a r a c t E r i s t i c s  a r e  inpu t  v i a  
v a r i a b l e s  INERTX, INERT!!, INEXTZ, and 1x2. 

A i r c r a f t  i n e r t i a  c h a r a c t e r i s t i c s  a r e  Computed 
from inpu t  d a t a .  

N o  a i r c r a f t  i n e r t i a  c h a r a c t e r i s t i c s  input  o r  
computed. Note t h a t  i n e r t i a  c h a r a c t e r i s t i c s  
are no t  r e q u i r e d  when Ll = 1. 

Eleva to r  hinge rcoments C h ’ ‘h6’ and 
a 

are computed. 

Hinge moment c h a r a c t e r i s t i c s  a r e  inpu t  a s  
v a r i a b l e s  CFA, CHD, and DADD. 
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. .  

T a b l e  3.3 

Variables Which Eave Eeon Deleted r"ror. T h e  Ir,put L i s t  

B u t  A r e  lncli lded I n  T a b l e  3.2 And A z e  Echoed 
~ ~~~ 

E BHT BVT CBAR-FIT CBLQVT CBARW CRCLHT 

CRCLVT CRCLW CROOTW E r n  

LNO LV SAH ' S'iFSW 

ELINC ELTH FUELD 

T a b l e  3.4 

Input  V a r i a b l e s  W i t h  D e f a u l t  V a l u e s  I f  N o t  I n p u t  

BDg3 B D 9 6  BDP9 B L W G  DELTA= DZLTMI -bTDTA 

DTDTP, EYEHMA EYEHXI Y ? m I L  OSWF REL9 RHO 

RUDDR! SN TEMP YCGHOR YCGWNG 

. .  

3 - 2 9  



T a b l e  3 . 5  

V a r i a b l e s  R e q u i r e d  Under C e r t a i n  C o n d i t i o n s  

U n l e s s  default values are avai lable  as indicated i n  T a b l e  3.4, 
the following variables are required f o r  t h e  c o n d i t i o n s  specified: 

L12 = 1:" 

Ll.3 = 1:* 

KSUW = 0: 

L1 = 0 and KINERT # 1: INERTX 

L2 = 1: L3SA 

L3 = 2 or 3: AF SA 

CF CC 

DIHDH 

E T A l V  

LTS 

RL! DDXM 

ZT.T 

BANK 

PIAXAIL 

SODANG 

DTCTA 

VMCG 

CBCCF 

MHMF 

KSURF = 1: CHA 

KCONT = 10: DELTMA 

KCONT = 12 :  CZCC = 

NTYE + 7:  BL 

INERTY INERT2 IXZ 

NANLYS NSENSI  

ALCOFG BFLAPI  BF OB 

CFCCV DF LAP D I  HD 

ETAPA ETAlA ETAgV 

H l  H2 LNlS 

P H I C S 1  P H I N S l  ?HTE-9V 

R 2  I so TCCV 

D3AP.N ( if NTYE = 7 ) 

V S TALL 

CFCC 

X D T R  

CGCC 

PDPTE 

CHD 

DELTlYI 

1 EYEWA 

BLANG 

NTYE = 7: 

HPYLS LS I i \ i  

MSSFL T 3IN 

DFK CM 

RU DORM 

CLMXTO DFLA? 

HEIGHT S N  

DLYHHL KpjS 

TCE 

DADD 

EYEH 

EYEEN1 

XZET 

3.30  



Table 3.5 (concluded)  

Variables Required Under C e r t a i n  Condit ions 

Ll4 = 3 or KIKE2T = 1: AXIS 

CGLG 

ELN 

LENG 

REIR 

WAS 

WE? 

WHT 

WT I P  

YC GHOP. 

Z C m G  

BFUEL 

D%A?N 

ELTIP 

PAX 

SAB 

WB 

W E  

WLG 

WVT 

YC GidP? G 

BFUELI 

ELCGd 

ELWING 

PS 

SF 

WBT 

WFT? 

W F  

ww 

YCGTIP 

BXIS 

E X  G? 

FUELD 

FEU 

mvpAx 

WCC 

WFW 

WS 

XPILOT 

ZCGGR 

*Note: When L12 or L13 = 1, configuration-dependent variables such  
as ALPOWB, P.LD€-iLO, C X X ,  and DFUP should be correctly 
s p e c i f i e d .  ALT shou ld  a lso be checked. 



Table 3.6 

Inpu t  N a m e l i s t  Ru le s  
-. 

Note: N a m e l i s t  names are n o t  t o  be confused w i t h  n a m e l i s t  

1. 

2 .  

3 .  

4. 

5 .  

6. 

7.  

8. 

variables, Only three namel i s t  names are al lowed i n  t h i s  

program and  must appear  i n  o r d e r  as INCTL, I N A T O I ,  and INATOZ . 
The n a m e l i s t  v a r i a b l e s  a s s o c i a t e d  w i t h  each  namel i s t  name 

are t h o s e  specified in Table 3.1 and 3.2. Only one v a r i a b l e  

in the i n p u t  list is an  a r r a y :  N S E N S I  in namel i s t  INKTOZ. 

N a m e l i s t  names cannot  c o n t a i n  imbedded blanks and must be 
preceded by a $ which must be i n  column 2. 
d i f f e r e n t  on d i f f e r e n t  computers. It is a $ on a CDC o r  
Honeywell, w h i l e  it is a & on a Burroughs. 
allowed a f t e r  t h e  namel i s t  name and a t l ea s t  one blank space  
must s e p a r a t e  it from t h e  f i r s t  name l i s t  v a r i a b l e .  3.n example 
line opening namel i s t  INCTL is as f o l l o w s  

The symbol may be 

N o  punc tua t ion  is 

SINCTL L l = O , . . .  ..... (see T a b l e  3 . 7 )  

N a m e l i s t s  must be t e rmina ted  a p p r o p r i a t e l y .  
require $END, some CEC systems r e q u i r e  on ly  $, and Burroughs 
systems r e q u i r e  &EXD. 

Honeywell s y s t e m  

N a m e l i s t  v a r i a b l e s  may appear  i n  any column excep t ,  i l sua l ly ,  
t h e  f i r s t .  

Each v a r i a b l e  is s p e c i f i e d  as v a r i a b l e  name=#+#, w i t h  
decimal p o i n t s  included as a p p r o p r i a t e .  See Tab le  3 . 7 .  

Variables may appear i n  any o r d e r  w i t h i n  t h e i r  p r e s c r i b e d  
namel i s t .  

All v a r i a b l e s  w i t h i n  a namel i s t  need n o t  be i n p u t .  

Variables may be r e p e a t e d  w i t h i n  a namel i s t ,  where t h e  last  
va lue  s p e c i f i e d  is used. Hence, 

. , . , . , PHTERV=14,61 ,SST=52.26,PHTERV=12 .l, , . . . . . . 
is a v a l i d  e n t r y  where PhTEFW=12.1 w i l l  be used.  

V a r i a b l e  a r r a y s  may be e n t e r e d  as NSZXSI=57,50,51, o r  KSZXSi(l)= 
57,50,51, where 57 is d e f a u l t e d  tc t h e  f i r s t  l o c a t i o n  i n  t h e  
f i r s t - e x a m p l e ,  wh i l e  it is s p e c i f i e 2  t o  be i n  l o c a t i o n  (1) i n  
t h e  second example. 50 and 51 are p laced  i n  t h e  seccnd ar.d 
t h i r d  a r r a y  l o c a t i o n s  i n  bo th  examples. 

-! 
. i  

.. , 

3 .32  



Table 3.7 

D X K  FOR IY’LLTIPLE CASES 

c o l n ~ n  1 must  be blank f o r  namelist t i t l e  

namelist t i t i e  beg1r.s i n  co1m.n 2 w i t h  appropriate chazacter 

TWIN TU?BO WITH ELEV FIXED, INERTIAS AND XINGE MO>IEP;rTS INPC‘T. 
SINCTL Ll = 0, 
KCONT=l 0 , K5UF.F =1, KFIFR= 0, KINERT= 0, $END 

ALT=10000. ,AR=9.79,ARH=5. ,ARV=1.1,BENGOB=.32,BFLAP1=2.22 ,BFOB=.59, 
SINATOI LFSA=l 9 4 ,AILOF&= 2 ,ALPHLO=-. 0366 ,ALDOH=O. ,ALPOWB=-. 0366, 

BL-3,CDO=.0267,CEOC=.3,CFOC=.24,CFOCV=,34,C~=-.OOO5,CH~-.OO55, 
CLAHP=5.73,CLAVP=6.3,CLAW~~,3,CLHMAX=.8,C~IN=-.8,~C~=O., 
CPlACW2=-.093,CPOC=l. ,DADII=.6,DELTMA=.24,DELTMI=-.35,WIAkO., 
DIHD=6.,DIHD~=O.,DLMC4=O.,DIMC4H=17.,D~C4V=37.15,DPRO~8.21, 
E~A~=l.,E~A1=.05,ELCG=i5.24,ELC4H=38.589,~~4V=29.179,E~4W= 
14.65,ELF=39.5,E~7AC=3.67,EN~2,~A~A=l.,~AlA=.6yETA~~=.93, 
EYEH=O.,EYFT=-.03,EY=.O6,~WOB=5.08,H1==4.38, 
HMPSLS=ESO. , I ~ ~ ~ T X = 2 7 2 8 0 . , I N E T Y = 2 0 7 2 1 .  ,INE!RTZ=45385. ,IXZ=3069.7, 
SEND 

NTYE~6,OS~€=.66,PERPOW=O.,PHIC1=.7l,~~IC2=.9,?HICSl=.7l,PHI~l=.6E, 
PHIN2=.~9,PHINS1=.68,?h~~.H=ll.25,?€TERV=14.61,RUDDRM=O. ,R21=2.33, 
SHT=67.99,SLY= .42 ,SIMH= .5,SLMV=. 6L?,SO=26 .6,SVT=52 .26,SW=303 , 

SINKTOZ Kh’S=2, XU=9.3 ,IJ1=10.41 , L N l S = l O  .41 ,LT=17.9,LTS=17.9,ru’P=. 81, 

T A S = ~ ~ ~ . , T O C H = . ~ , T ~ C V = . ~ ~ , T W I S T = - ~ . S S , T W I S T H = O . , W C = ~ . ~ ~ ,  
WEIGHT=12500.,XNAC=2.,ZHIFT=-9.5,ZT=.l7,ZV=-5.43,ZW=.55,$~D 

T W I N  TUPS0 SENSITIViTY ANALYSIS FOR CNR, CLB, CNB 
$INCTL L2=1,L5=O,L6=O,$END 
$ INATOI A-FSA=19.4, $END 
SlNKToZ L~SA=~,XAKLYS=~,NSENSI=~~,~O,~~,$END 
T K I K  TUW3 W I T H  ELEV FIXED, I N D J ‘ I A S  INPUT, AND HINGE MOM W. 
SINCTL L2=G,I;SUW=O,$END 
$INAT01 CBCCF=.35,CGOC=.004,D~HHkO.,$ZND 
SINKTCZ I;NS=2 ,MHM-P=. 03,PDPTE=11.25,TLE=. 3, SZND 
TWIN TURBO CA?-CULATION FOE VMC AND ROTATION SPEED. 
SINCTL Ll2=1 ,L13=1 ,KSm=l, $END 
SINATOI ALP~-.0834,ALPOWB=-~0834,BAh~~-S.,BO~G=.02,CIX)=.034, 
CFOC= .24 ,CiJIXTOrl. 84,CHA=-. 0005,CHD=-. OOSS,DADD=. 6,DFUP=15., 
HEIGHT=4.74, $END 

SINKToZ TAS=152. ,MAXAIl=.36,VSTALL=146. ,VMCG=101.3,$END 

Notes: 1. Four full cases are input here. The first case shows a 
com@ete input for the  particular case. Cases 2, 3, and 4 
only change required variables. 

namelist t i t l e  with a dummy (unchanged) variable appears. 

i n  case 3, so CHA, CHD, &?d DADD are input. 

2. in case 2, no changes are required i n  SINATOI, but the 

3. I n  case 4, KSUFU? is changed back t o  1 (by choice) from 0 

3 . 3 3  
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Fi,gwe 3.1 Axis Definitions 
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Figure 3 . 3  Center of Gravity h s i t i o r s  
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Figure 3.7 D i h e d r a l  Defyhitiocs 
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Figure 2.9 f Icr izGnta1 Tail -try Definitions 

F i g r e  3.10 Elev2tor Far3 Ealance Definit icns 
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Fi,a;ure 3.11 Vertical Tail -try C e f k i t i o n s  
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Figure 3.16 Rudder C?eon?etry 

Figure 3.17 Eorimntal Tail Incidence Angle 
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Figure 3.19 Tr’opeller Cecme-cry 
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Figure 3.22 T;vist Angle Defini t ion 
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Fiewe 3.24 C k o m n r y  k f k i t i o n s  

Dimensions positive as sbm 

Figme 3.25 Gtxmetry Def kit ions 

Dimemions rnsitive as S~OWII 



Figure 3 . 2 6  Elevator Nose Shapes 



SECTIOS 4 

DEFIKITIOX OF OUTPUT 

T h i s  s e c t i o n  d e s c r i b e s  the  ou tpu t  as  p r i n t e d  by t h e  computer 

program. Examples of ou tpu t  axe g iven  i n  Sec t ion  6 .  

4 . 1  Input  Data Output 

After p r i n t i n g  a heading, t h e  program p r i n t s  a l i s t i n g  of t h e  

ccrresponding d a t a  as input. by t h e  u s e r .  The exp lana t ion  of t h e  

v a r i a b l e s  i s  as g iven  i n  Tables 3.1 and 3 . 2 .  

4 .2  S t a t i c  and Dynamic S t a b i l i t v  D e r i v a t i v e s  

A d e f i n i t i o n  of t h e  d e r i v a t i v e s  as o u t p u t  by t h e  program i s  

p resen ted  i n  Table 4.1.  Th i s  t a b l e  i s  i n  ascending o rde r  of a r r a y  

DERV . 
Whenever ou tpu t  i s  a v a i l a b l e  for a i r p l a n e  components, t h i s  w i l l  

b e  p r i n t e d .  The fol lowing computer v a r i a b l e  p o s t s c r i p t s  have been 

used t o  deno te  t h e  a i r c r a f t  component: 

-B : Body c o n t r i b u t i o n  

-H: Hor i zon ta l  ta i l  c o n t r i b u t i o n  

-V: Vertical  t a i l  c o n t r i b u t i o n  

-12 : Wing c o n t r i b u t i o n  

-W5 : Wing-Body c o n t r i b u t i o n  

-P: Power e f f e c t  

General ly  t h e  ou tpu t  of t h e  d e r i v a t i v e s  i s  s e l f  -explanatory.  

4.1 
._ . . _. 



4 . 3  T r i m  Data 

The program w i l l  p r i n t  o u t  t a i l p l a n e  d e f l e c t i o n s  and h o r i z o n t a l  

tail l i f t  c o e f f i c i e n t  r equ i r ed  f o r  p i t c h i n g  moment equ i l ib r ium,  bo th  

w i t h  and without  power. 

computer v a r i a b l e  names. 

See Table  4 . 1  f o r  an exp lana t ion  of t h e  

4 . 4  Power E f f e c t s  Data 

The e f f e c t  of  power on the d e r i v a t i v e s ,  as d i scussed  i n  S e c t i o n  

2 . 2 . 6  is p r in t ed .  

Table  4.1.  

An explana t ion  of t h e  v a r i a b l e  names is  provided i n  

4.5  Contro l  Der iva t ives  

Hinge moment d a t a  are ou tpu t  w i th  a n o t e  whether they w e r e  

computed o r  i n p u t .  Control  d e r i v a t i v e s  f o r  a i l e r o n ,  rudder; e l e v a t o r  

or a l l  moving t a i l  are ou tpu t  i n  a se l f - exp lana to ry  form. 

4 . 6  Sc Data 

The output  f o r  t h e  ?linimum Speed f o r  Con t ro l -wi th  one engine o u t  

i s  s e l f  -explanatory.  

4.7 Rota t ion  Speed 

The output  f o r  t h e  Rota t ion  Speed computations i s  se l f - exp lana to ry .  

4 . 8  Inertia Data 

The output  f o r  t h e  I n e r t i a  Data ,s se l f - exp lana to ry .  



4 . 9  Dynamic StaSilitp Characteristics 

The output data for this section may be divided into f o u r  main 

sections. IvThich section is actually output depends on the setting 

of the Control Variables. 

4.9.1 Dynamic Stability Data 

Output in this section is: 

The non-dimensional derivatives as conputed by the 

program, along with the dimensional derivatives. 

Small perturbation mode data appear in self-explanatory 

form. 

Sensitivity analysis appears in tabular form. When, 

for the longitudinal sensitivity analysis, one of the 

complex pairs breaks down into two real roots, the out- 

put lists: 

As for the lateral directional sensitivity analysis, 

when the two real roots come together and split off 

into a complex pair, the output lists: n, w ,  n, w ,  w 

n, w ,  RE-4L ROOT =, wn , <,..,, REAL ROOT =. 
SP 

n’ 

5 ,  wn. 5 .  

4 . 3  



Following is  a lisc of computer v a r i a b l e s  and t h e  e x ? l a n a t i o n ,  

as used f o r  this p a r r  of t h e  o u t p u t .  

Computer V a r i a b l e  

EN 

Ex? l a n a  t i o n  

(n) real  p a r t  of an o s c i l l a t o r y  r c o t  . ,  

OM (w)  i s a g i n a r y  p a r t  of  an  o s c i l l a t o r y  

r o o t  

o m  SP (w n SP) s h o r t  p e r i o d  mdanped. n a t u r a l  

f requency  

ZT SP 

O€OJD 

ZTD 

( s  ) phugoid d a q i n g  r a t i o  

(w ) d u t c h  r o l l  undamped n a t u r a l  

SP 

n D 
f requency  

4.9.2 T r a n s f e r  Funct ion  Data 

( 5  ) d u t c h  r o l l  d a q i n g  r a t i o  D 

The r e s u l t s  appear  i n  s e l f - e q l a n a c o r y  f a n .  The s t a n d a r d  

f o m a t  f o r  l o n g i t u d i n a l  t r a n s f e r  functLons is  g iven  i n  F i g u r e  4 . 1 .  

The s t anda rd  format for la teral  d i r e c t i o n a l  a i l e r o n  and rudde r  t r a n s f e r  

f u n c t i o n s  a r e  g iven  i n  F igu res  4 . 2  and 4 . 3 ,  r e s p e c t i v z l y .  

Figure  0.1 Standard ?oonuc fcr  Lonpitulirtal T r a n s f e r  Funct ions  

G e n c r i l  Standard I o n a t  

C 

2 ?;,s 
2 2w + .+ A i 1) (3+- 

. -  

'4 
1 

.A 

I 

.j 

17 

1 
d 

. .  



- .  rizure A.l S t a d a r d  T o n i  f a r  :onzi:ciinal Transfer Funct icns  

- - - _ .  
-. rieure L. 3 Standard F c n ~ t  f z r  'Larerai-3irec:ic:a: ?.:Z'.CI-BT Transfer Funcziors 

&=era1 S t r n d a r l  F o r J t  

1 . 5  



These s tandard  format  t r a n s f e r  f u n c t i o n s  are p resen ted  assuming 

and Yg bo th  equa l  zero .  
A 

Following i s  a l ist  of computer ou tpu t  v a r i a b l e s  as used f o r  

t h i s  p a r t  of t h e  program. 

E x p  I anat i o n  Computer Var i ab le  

k5 E 

KUDE 

TU1 

TU2 

OMN w n 

ZT 5 

ICAL-PHADE Ka 
6E 

TALPHA 

OMN ALPHA w n a 
ZETA ALPEt4 

KTHETA.DE 

TTHETAl 

TTHETA2 

K BETA DELTA-A 

Tel 

T% 

T BETA A l  m 

T BETA A2 

L 

T S  

TR 

TS 

TR 

4.6 



Coin?u t er Var i zb le 

O N X I  

ZETAD 

R P H I  DELTA-X 

OFDI ? H I  .A 

ZETA PHI A 

K PSI DELTA-A 

T PSI A 

OPE P H I  A 

ZETA PSI  A 

E; BETA DELTA-R 

T BETA R 1  

T BETA R2 

T BETA R 3  

K PHI DELTA-R 

T PHI Rl 

T PHI PJ 

K PSI DELTA-R 

T PSI R 

O m  PSI R 

E x p l a n a t i o n  (cont'd) 

0 

D 
il 

KO 6 
A 

w n 
@A 

$A 

6A 

$A 

+A 

5 

JI 
K 

T 

w n 

5 
@A 

&R 

R1 

R2 

R3 

6R 

R1 

R2 

Kg 

T8 

TB 

T€3 

cb K 

9 T 

9 T 

E: 

+6R 

T 
JIR 

JIR 

w n 

4 .7  
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Computer Var i ab le  

ZETA PSI R 

ALPHA 

THETA 

BETA 

PHI  

PSI 

Explana t ion  (concluded) 

4 
+R 

a 

Q 

RESTRICTIONS 

I f  the  v a l u e s  of t h e  c o e f f i c i e n t s  are  non-standard,  then  they  

are ou tpu t t ed  as zeros  i n  t h e  s t anda rd  format t r a n s f e r  f u n c t i o n  s e c t i o n  

For example, t h e  f3(s)/SR(s) t r a n s f e r  f u n c t i o n  i n  s t anda rd  f o r s a t  has 

t h r e e  t ime c o n s t a n t s  i n  t h e  numerator.  If two o f  t h e s e  t i m e  c o n s t a n t s  

become an o s c i l l a t o r y  ? a i r ,  then  t h e  ou tpu t  w i l l  i n d i c a c e  zeros  

f o r  t h e  two t i m e  c o n s t a n t s .  This  does n o t  mean t h e  t i m e  c o n s t a n t s  

are  equal  t o  i n f i n i t y .  

combined t o  form a q u a d r a t i c  w i th  a damping r a t i o  and undamped n a t u r a l  

frequency. This  same reasoning  a 2 p l i e s  t o  a q u a d r a t i c  wnich has  

degenerated i n t o  two real  r o o t s .  

and 5 .  

are now t i m e  c o n s t a n t s .  

It means t h a t  they no lona,er e x i s t  b u t  have 

This  i s  i n d i c a t e d  by ze ros  f o r  i*l n 

T h i s  means t h a t  5 and un no longer e x i s t  and t h a t  t h e  r o o t s  

4 . 9 . 3  Frequency Response Data 

The ou tpu t  i s  i n  cabular  f o r n  and s e l f - e s p l m a t o r y .  

RESTRICTIONS 

The magnitude and ?base ang le  a r e  da t e rx ined  a t  t h e  break  f re -  

quency (u = z ) ,  a = .5a, and A = ? a  f o r  each l e a l  and I z ~  CLrst Drdeir 



in the transfer function. For second order factors the magnitude and 

phase angle are aetermined at the break f r e q u c r : -  ~ = .’. and a l s o  at 

.6  w . 7  w . 8  (1; .9 w 1.2 wn, 1 . 4  w 1.6 o and 1.8 wn. The n ’  n’ n’ n ’  n’ n’ 

smallest break frequency and its associated frequencies investigated 

n 

relative to it are listed first, with their corresponding frequency 

response. The second smallest break frequency is listed next and so on. 

4.9 



Table  4 . 1  Symbols, Output Parameters  

Comp . 
Symbol 

SW 

WEIGHT 

B 

CBARW 

TAS 

THETA 

IkY 

IXX 

Engineer ing 
Symbo 1 

S 
W 
b - 
C 

u1 

O1 
I 
YY 

IxxB 

I Z Z S  I Z Z  

I X Z  IxzB 

1 ALPHA '2 

CL 
cL1 

bD1 
r! CD 

CTPRIM CT 

1 X 

cx CN 
L 

CXCLFI (dCy/dCL) 

CXLFR (dC>!/dCL) 

f i x e d  

f r e e  

NT C31T C 

3 C, L1 

CLU 

D e f i n i t i o n  Dimension Array Derv. 

1 

Lbs 2 

2 Wing Area F t  

Weight 
Wing span  F t  3 

F t  4 Mean aerodynamic chord 
5 -1 

Airspeed Ft-Sec 

Dens i ty  Slugs-Pt -3 6 

Rad 7 I n i t i a l  Theta 
Slug-Ft 8 ?loment of i n e r t i a  about  

y-axis 

x-axis computed in a body- 
f i x e d  r e f e r e n c e  system 

Moment of i n e r t i a  2bout s lug-F t 

2 
Moment of i n e r t i a  about  Slug-Ft 
z-axis conputed in a body- 
f i x e d  r e f e r e n c e  system 

Product  of  i n e r t i a  compuced Slug-Ft 
i n  a body-fixed r e f e r e c c e  
system 

Steady s t a t e  a n g l e  of a t t a c k  

Steady s t a t e  l i f t  c o e f f i c i e n t  

2 

Rad. 

Steady s t a t e  drag  c o e f f i c i e n t  

Steady s t a t e  t h r u s t  coeEf i c i en t  

Steady s t a t e  p i i c h i n z  monent 
c o e f f i c i e n t  

S t a t i c  margin,  c o n t r o l s  f i x e d  

S t a t i c  margin,  c o n t r o l s  f r e e  

Steady s t a t e  tnrust-monent 
c o e f f i c i e n t  

V a r i e t i o n  o f  l i f t  c o s f f i c i e n t  
w i t h  speed 

9 

10 

11 

1 2  

i3 



~ 

Table 4 .1  ( c o n t ’ d )  

Comp . 
Stmbol - 
CDL‘ 

CMU 

CTXXJ 

CMTU 

CDQ 

CLO 

CMQ 

CLALPH 

CDA 

CMAFIX 

CMAFRE 

Eng inee r ing  
Symbo 1 D e f i n i t i o n  Dimension Array Derv. 

Var i a t ion  of d rag  c o e f f i c i e n t  
w i th  speed ( i . e .  s p e e d  damping) 

15 

u1 

Var ia t ion  of p i t c h i n g  moment 
c o e f f i c i e n t  w i t h  speed 

16 

I 

ac 
TX 

T~ a+) 
u1 

c =-  

U 

2 5 %  

‘NT a+> 
r- 

u1 U 

acD 

q a(% 
2ul 

= -  
cD 

a c- 

V a r i a t i o n  of X-thrust  c o e f f i c i e n t  
w i t h  s p e e d  

1 7  

Var i a t ion  of t h r u s t  p i t c h i n g  
moment c o e f f i c i e n t . w i t h  speed 

18 

-1 
Var ia t ion  of d r a g  c o e f f i c i e n t  Rad 
wi th  p i t c h  rate 

-1 V a r i a t i o n  of l i f t  c o e f f i c i e n t  Rad 
wi th  p i t c h  ra te  

19 

A 

M 
a c  

ac 

q 2(-) 
c =  

M 

2ul 

20 V a r i a t i o n  of p i t c h i n g  moment Rad-’ 
c o e f f i c i e n t  w i t h  p i t c h  r a t e  

CL = 3 
a 

Airplane l i f t  cu rve  s l o p e  Rad-’ 21  

acD CD = - a 
a a  

-1 Var ia t ion  of d r a g  c o e f f i c i e n t  Rad 
w i t h  a n g l e  of a t t a c k  

22 

V a r i a t i o n  of pi tchimg moment Rad-’ 

f i x e d  

V a r i a t i o n  of p i t c h i n g  moment Rad-’ 

f r e e  

acM 
= 

f i x e d  w i t h  ang le  of a t t a c k ,  c o n t r o l  f i x e d  0 
cM 

acM cM =(=I 
U f r e e  w i t h  ang le  of a t t a c k ,  c o n t r o l s  

f r e e  

23 

23 

4.11 
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Table 4 . 1  ( con t ’d )  

Comp . Engineering 
Symbol Symbol 

c?IALpHA ‘X aa 
= -  

a 

w r  
ac 

1 

a cL 
CLD E ‘L asE = -  

&E 

acL 
‘L a i  = -  

H 
CLIH 

i 
H 

acD 

a cx 
‘>I a i H  

= -  

H a i  
H ‘D i 

C D I H  

= -  CN IH 
H i 

D e f i n i t i o n  

V a r i a t i o n  of p i t c h i n g  
moment wi th  a n g l e  o f  
a t t a c k  ( i . e . ,  s t a t i c  lon-  
g i t u d i n a l  s t a b i l i t y )  

D i m e  n s i o n  Arrav Derv. 

d 
Rad-’ 23 

V a r i a t i o n  of  t h r u s t  p i t ch -  Rad-’ 
i n g  moment c o e f f i c i e n t  
w i t h  a n g l e  of a t t a c k  

V a r i a t i o n  of  d r a g  c o e f f i c -  Rad-‘ 
i e n t  w i t h  a n g l e  of  a t t a c k  

V a r i a t i o n  of l i f t  c o e f f i c -  Rad-’ 
i e n t  w i t h  r a t e  of  change 
of  ang le  of a t t a c k  

V a r i a t i o n  of p i t c h i n g  mo- Rad-’ 
ment c o e f f i c i e n t  wi th  r a t e  
of  change o f  a n g l e  of  a t t a c k  

V a r i a t i o n  of lift c o e f f i c -  Rad-‘ 
i e n t  w i th  e l e v a t o r  ang le  

V a r i a t i o n  of  d rag  c o e f f i c -  Rad-’ 
i e n t  w i t h  e l e v a t o r  a n g l e  

V a r i a t i o n  of p i t c h i n g  mo- Rad-1 
ment c o e f f i c i e n t  v i t h  els-  
v a t o r  a n g l e  ( i . e . ,  l ong i tu -  
d i n a l  c o n t r o l  power) 

V a r i a t i o n  of l i f t  c o e f f i c -  Rad-’ 
i e n t  w i t h  t a i l p l a n e  a n g l e  
of i nc idence  

-1 
Variac ion  of  d rag  c o e f f i c -  
i e n t  w i th  t a i l p l a n e  ang le  
of i nc idence  

V a r i a t i o n  of p i t c h i n g  mo- 
ment c o e f f i c i z n t  w i t h  t a i l -  
p l a n s  a n g l e  of i nc ldence  

Rad * 

Ra d-l  

2 4  

25 

26 

27 

28 

29 

4.13 



Table 4 . 1  (cont’d) 

Conp . 
Symbol 

CLHT 

DEPSHT 

DE 

EYEH 

DCALP 

DCLW 

DCAULP 

DCMTOT 

D E W  

Mu 

FlA 

MAD 

MQ 

MTU 

MTA 

zu 

- Ln g in e er ing 
Symbol 

cLti 

EH 

d E  

H i 

AacL 
aa ACL - 

a 

AC 
5J.F 

AE 
P 

M 
U 

, 
?l OL 

?f. 
a 

M 
q 

U 
MT 

a MT 

u 2 

Definition 

Horizontal tail lift coef- 
f icient 
Downwash at horizontal 
tail 

Elevator deflection 

Horizontal tailplane angle 
o f in c id en c e 

Change in lift curve slope 
with power 

Change in lift coefficient 
for wing-fuselage combina- 
tion with power 

Change in pitching moment 
coefficient for wing-fuse- 
lage combination with power 

Change in airplane pitching 

Dimension Array Derv. 

moment coefficient with power 

Change in downwash at hori- Rad 
zontal tail with power 
Dimensional variation of F t-’Sec-’ 
pitching moment with speed 
Dimensional variation of Sec 
pitching moment with angle 
of attack 
Dimensional variation of Sec 
pitching moment with rate 
of change of angle of attack 
Dimensional variation of Sec 
pitching moment with pitch 
rate 
Dimensional variation of Ft-lSec-’ 
thrust pitchtng moment with 
speed 
Dimensional variation of Sec 
thrust pitching moment with 
angle of attack 
Dimensional variation of Sec 
Z-stability force with speed * 

-2 

-1 

-1 

-2 

-1 

30 

31 

32 

33 

34 

35 

36 
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Table  4 . 1  ( c o n t ' d )  

Comp . Engineering 
Symbol Symbol 

a 
ZA Z 

Z. 
CY 

ZAD 

Z 
q ZQ 

CY 
XA X 

xu 
U 

X 

U 
xT XTU 

z% 
ZDE 

XDE x 
'E 

MDE :4 
&E 

I X X  

I Z Z  

T L xx 
S 

S 
IZZ 

S 
I X Z  

I X Z  

ac 
as c = Y  CYB 

y a  
1 

CL B c, = 
a A. as 

D e f i n i t i o n  

Dimensional v a r i a t i o n  of 
Z - s t a b i l i t y  f0rc.e ,..:ith 
a n g l e  of a t t a c k  

Dimensional v a r i a t i o n  of  
Z - s t a b i l i t y  f o r c e  wi th  r a t s  
o f  change of  a n g l e  of a t t a c k  

Dimensional v a r i a t i o n  of  
Z - s t a b i l i t y  f o r c e  w i t h  p i t c h  
r a t e  

Dimensional v a r i a t i o n  or' 
X - s t a b i l i t y  f o r c e  w i t h  a n g l e  
of a t t a c k  

Dimensional v a r i a t i o n  of 
S - s t a b i l i t y  f o r c e  wi th  s p e e d  

Dimensional v a r i a t i o n  of  
X- s t a b  i 1 i t  y t h r u s  t f o r c e  
wi th  speed 

Dimensional v a r i a t i o n  of  
Z - s t a b i l i t y  f o r c e  wi th  
e l e v a t o r  a n g l e  

Dimensional v a r i a t i o n  of 
X - s t a b i l i t y  f o r c e  w i t h  
e l e v a t o r  ang l2  

Dimensional v a r i a t i o n  of 
p i t c h i n g  moment wi th  
e l e v a t o r  ang le  

?!oment of  i n e r t i a  about  t he  
x-axis  computed i n  t h e  sta- 
b i l i t y  axes  system 

?.loment of i n e r t i a  about  t h e  
z-axis computed i n  t h e  sta- 
b i l i t y  axes  system 

Product o f  i n e r t i a  computed 
i n  t h e  s t a b i l i t y  a s e s  system 

V a r i a t i o n  of s i d e  fo rce  co- 

Dimension Array Derv. 

Fc Sec 37 
-2 

F t  Sec -1 

-1 F t  Sec 

-2 
F t  Sec 

38 

39 

40 

4 1  -1 
Sec 

4 2  -1 
Sec 

- 2  
F t  Sec 

- 2  
F t  Sec 

- 2  
Sec 

2 Slug F t  

2 
Slug F t  

2 
Slug F t  

e f f i c i e n t  w i t h  s i d e s l i ?  a n g l s  

-1 
V a r i a t i o n  of r o l l i n g  moment %td 
c o e f f i c i e n t  w i th  s i d e s l i ?  
ang le  

43  

1. 4 
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45 

46 

47 

48 

49 

50 



Table 1.1 ( con t ’d )  

Comp . Engineering 
S>mb o 1 Symbol 

.3c ’ n CNB = -  
c* a ;  e 

D e f i n i t i o n  Dimension Array Derv. 

Var i a t ion  of yawing moment Rad-’ 5 1  
c o e f f i c i e n t  w i th  s i d e s l i p  
angle I .  

Var ia t ion  of s ide - fo rce  Ra d-l 
c o e f f i c i e n t  w i th  rol l  r a t e  

I .  CS? 5 2  

Var ia t ion  of r o l l i n g  moment Rad-’ 
c o e f f i c i e n t  w i t h  roll r a t e  

CLP 53 

Var ia t ion  of yawing moment Rad-’ 
c o e f f i c i e n t  w i t h  roll r a t e  

5 4  

CYR Var ia t ion  of s i d e  f o r c e  Rad-’ 
c o e f f i c i e n t  w i th  yaw ra te  

55 

Var i a t ion  of r o l l i n g  moment Pad-’ 
c o e f f i c i e n t  w i t h  yaw ra te  

CLR 56 

n 
n r b  

ac 

r a(-) 
c =  

21J1 

Y &  a & *  

CYDR c = Y  

a CYDA c = -  

A 

ac 
Y a6R 

&R 

CLDA CQ = - 
&A acA 

- - -  
a &R 6R 

cL CLDR 

Var i a t ion  of yawing moment Rad-’ 
c o e f f i c i e n t  w i th  yaw ra te  

CNR 57 

Var i a t ion  of s i d e  f o r c e  
c o e f f i c i e n t  w i th  a i l e r o n  
angle  

Rad-’ 58 

Rad-’ Var i a t ion  of s i d e  f o r c e  
c o e f f i c i e n t  w i t h  rudder  
angle  

58 

Var ia t ion  of r o l l i n g  moment Rad-’ 
c o e f f i c i e n t  w i t h  a i l e r o n  
angle  

5 9  

Var ia t ion  of r o l l i n g  moment Rad-’ 
c o e f f i c i e n t  w i t h  rudde r  
ang le  

59 

4.15 



Table  4 . 1  ( con t ' d )  

Comp . Engineering 
Symbol Symbol D e f i n i t i o n  Dimension Array D e n .  

CNDA a 'n c = -  
n a8A 

6 A  

V a r i a t i o n  of  yawing moment Rad-' 60 
c o e f f i c i e n t  wi th  a i l e r o n  
a n g l e  

V a r i a t i o n  of yawing moment Rad-' 
c o e f f i c i e n t  w i t h  rudder  a n g l e  

a 'n 
'n a b R  

= -  CNDR 

6R 

Dimensional v a r i a t i o n  of  
Y - s t a b i l i t y  f o r c e  w i t h  s ide -  
s l i p  a n g l e  

r o l l i n g  moment about  X-sta- 
b i l i t y  axis  w i t h  s i d e s l i p  
a n g l e  
Dimensional v a r i a t i o n  of  Sec 
yawing moment about  Z-sta- 
b i l i t y  a x i s  w i t h  s i d e s l i p  
a n g l e  

F t S ~ C - ~  
y% 

YB 

-2 LB L Dimensional v a r i a t i o n  of Sec 
B 

-2 
NB 

6 
N 

YP 

LP 

Y 
P 

L 
P 

NP N 
P 

r YR Y 

Lr L R 

'r NR 

A y 6  YD 

Dimensional v a r i a t i o n  of 
Y - s t a b i l i t y  f o r c e  w i t h  
r o l l  r a t e  

F t Sec-' 

-1 Dimensional v a r i a t i o n  of Sec 
r o l l i n g  moment about  X- 
s t a b i l i t y  a x i s  w i t h  r o l l  
r a t e  

60 

6 1  

6 2  

6 3  

6 4  

6 5  

66 -1 Dimensional v a r i a t i o n  of  Sec 
yawing moment about  Z-sta- 
b i l i t y  a x i s  w i t h  r o l l  r a t e  

Dimensional v a r i a t i o n  of  F t  Sec 
Y - s t a b i l i t y  f o r c e  w i t h  
yaw r a t e  

Dimensional v a r i a t i o n  of Sec 
r o l l i n g  moment about  X-sta- 
b i l i t y  a x i s  w i t h  yaw r a t e  
Dimensional v a r i a t i o n  of Sec 
yawing moment about  Z-sta- 
b i l i t y  a x i s  w i th  yaw r a t e  

Dimensional v a r i a t i o n  of 
Y - s t a b i l i t y  f c r c e  wi th  
a i l e r o n  a n g l e  

6 7  -1 

68 -1 

6 9  -1 

- 3  
70 - Fc S r c  



Comp . Engineering 
Symbol Symbol 

L -  
A 0 

LD 

LD L 
6R 

ND N 

ND N 
6R 

- 
X a c  XBARFI 

f i x e d  

- 
XBARFR x a c  f r e e  

DefiniEiori 

Dimensional v a r i a t i o n  of 
r o l l i n g  moment about  X- 
s t a b i l i t y  a x i s  w i th  a i l e r o n  
angle  

Dimensional v a r i a t i o n  of 
r o l l i n g  moment about X- 
s t a b i l i t y  a x i s  w i t h  rudder  
angle  

Dimensional v a r i a t i o n  of 
yawing moment about  Z-sta- 
b i l i t y  a x i s  w i th  a i l e r o n  
angle  

Dimensional v a r i a t i o n  of 
yawing moment about  Z-sta- 
b i l i t y  axis w i t h  rudder  

Re la t ive  l o c a t i o n  of t o t a l  
a i r p l a n e  aerodynamic c e n t e r ,  
c o n t r o l s  f i x e d  

Relative l o c a t i o n  of t o t a l  
a i r p l a n e  aerodynamic c e n t e r ,  
c o n t r o i s  f r e e  

4.17 

Ijirnension 

-2 Sec 

-2  Sec 

-2 
Sec 

-2 Sec 

A r r a y  Derv. 

71 

71 

72 

72 
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Engineering judgment and design experience are r e q u i r e d  t o  pro- 

The computer p e r l y  model a c o n f i g u r a t i o n  and i n t e r p r e t  t h e  r e s u l t s .  

program methods can only r e p r e s e n t  a s i m p l i f i e d  a i r c r a f t  c o n f i g u r a t i o n .  

It is  t h e  u s e r ' s  t a s k  t o  model t h e  a c t u a l  c o n f i g u r a t i o n  under consi-  

d e r a t i o n  v i t h  a program compatible c o n f i g u r a t i o n .  T h i s  s e c t i o n  w i l l  

d i s c u s s  s e v e r a l  t echn iques  t o  accomplish t h i s .  

5.1 Body 

The f u s e l a g e  should be modeled i n t o  an  e q u i v a l e n t  f u s e l a g e  con- 

s i s t i n g  o f :  

E l l i p s o i d  nose s e c t i o n .  

- C y l i n d r i c a l  center s e c t i o n .  

E l l i p s o i d  t a i l  s e c t i o n .  

F i g u r e  5.1 shows an  example of an equ iva len t  f u s e l a g e .  

t h e  c y l i n d r i c a l  c e n t e r  s e c t i o n  i s  reduced t o  z e r o  l e n g t h . )  The equiv- 

a l e n t  f u s e l a g e  should have t h e  sane l e n g t h  and maximum d iame te r  as  t h e  

a c t u a l  f u s e l a g e .  All dimensions i n d i c a t e d  i n  Table  3 . 3  t h a t  r e f e r  t o  

t h e  e q u i v a l e n t  f u s e l a g e  should be measured on t h i s  equ iva len t  f u s e l a g e .  

Other f u s e l a g e  dimensions should b e  measured on t h e  a c t u a l  f u s e l a g e .  

( I n  t h i s  c a s e  

5 . 2  Wing and T a i l  Surfaces  

If a wing ( o r  h o r i z o n t a l  or ver t ical  t a i l )  of complex planform 

i s  t o  b e  i n p u t  i n  t h e  program, an e q u i v a l e n t  su rkace  should be modeled 

f o r  which t h e  fo l lowing  h o l d s  t rue :  

5.1 



7 EQUIVALENT FUSELAGE ACTUAL F U S E L A G E  -, 

- ,  nose 
1 

F i g u r e  5 .1  Equivalent  Fuse lage  Representa t ion  

F i g u r e  

'; : i 
\i I 
i 

I 



- =t - 

b 
V 

F i g u r e  5.2 (Continued) 



SE = SA 

A, = ;z c I 

- - 
c, = CA c 

(Exposed s u r f a c e  a r s a )  

(Taper r a t i o )  

(Quar t e r  chord  S W ~ E ?  a n g l e )  

(Yean aerodynamic chord)  

where: E r e f e r s  t o  t h e  e q u i v a l e n t  s u r f a c e  and 

A r z f e r s  t o  t h e  a c t u a l  s u r f a c e .  

P o s s i b l e  d e f i n i t i o n s  of wing, o r  t a i l  areas a re  shown i n  

F igure  5.2. 

5.3 Nacel le  

To d e f i n e  an equ iva len t  n a c e l l e  shape f o r  t h e  n a c e l l e  of a 

propel le r -dr iven  a i r p l a n e ,  t h e  same r u l e s  apply  as  f o r  t h e  f u s e l a g e .  

h example of an equ iva len t  n a c e l l e  i s  g iven  i n  F igure  5.3.  

F igure  5.3 Equivalent  Yace l les  



Important parameters  i n  t h e  computation of r o t a t i o n  speed are  

t h e  r o t a t i o c  r a t e  on t h e  ground, (d?fdt)R-,  an6 i n  t h e  a i r ,  ( d e f d t )  . 
These r a t e s  a r e  dependent on p i t c h  i n e r t i a ,  h o r i z o n t a l  t a i l  power, 

c e n t e r  of g r a v i t y  l o c a t i o n ,  and p i l o t  t echnique .  Fo r o u t i n e  i s  avai lable  

t o  p r e d i c t  t h e  r o t a t i o n  r a t e s  a s  a f u n c t i o n  of t h e s e  v a r i a b l e s .  They 

m y  be  s e l e c t e d  a s  inpu t  v a l u e s  or al lowed t o  d e f a u l t  t o  ave rage  v a l u e s  

A 

determined empi r i ca l ly .  b 

5 . 5  
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